Introduction {#s1}
============

In children with food allergies (FAs) in the family (children with FA), the burden of meal preparation increases because of the need for elimination-substitution diet therapy. In addition, many children with FA experience complications of other allergic diseases, such as bronchial asthma (BA) and atopic dermatitis (AD); as a mitigation strategy, it is essential to improve the environment by removing mites and dust from the room and maintaining the cleanliness of the bedding \[[@R01], [@R02]\]. Therefore, the amount of physical activity required for household work may increase. However, to the best of our knowledge, no studies have investigated the physical activity level of mothers of children with FA (FA mothers).

The meal content for families with children with FA has reportedly shown a tendency to be synchronized with the elimination-substitution diet to continuously provide this diet to the FA child and thus prevent mistakes and the risk of anaphylaxis (An) \[[@R03]-[@R05]\]. From these observations, it appears that certain characteristics are observed in the physical activities and diets of FA mothers themselves or the mothers and their families.

Currently, a physical activity meter that uses three-axis acceleration (hereinafter referred to as an activity meter) is being used to measure physical activity and accurately estimate low-intensity activities, such as the activities of daily living \[[@R06]\]. Moreover, to comprehensively evaluate diets, analyses based on dietary patterns that evaluate combinations between foods are widely used in various fields of research \[[@R07]\].

Therefore, for mothers of children with allergic diseases, a research plan was drafted to investigate the status of dietary practices and physical activities and to clarify the lifestyle characteristics that contribute to the low body mass index (BMI) of FA mothers.

Patients and Methods {#s2}
====================

Between January 2017 and August 2018, mothers of children with allergic diseases who were being consulted at the Department of Pediatrics of Osaka Habikino Medical Center were instructed to respond to a questionnaire survey and cooperate with a measurement survey using activity meters. Written consent for the study was obtained from 106 participants. Of these, 69 (65.1%) participants were included and 37 (34.9%) who did not meet the eligibility criterion of being properly fitted with an activity meter were excluded. The reason for not being properly fitted with an activity meter was the insufficient duration or number of days for which the activity meter was worn.

These 69 participants included 51 mothers of children with FA (18 mothers of children with FA alone, six mothers of children with FA and BA, 18 mothers of children with FA and AD and nine mothers of children with FA, BA and AD), and 18 mothers of children without FA (six mothers of children with BA alone, five mothers of children with AD alone and seven mothers of children with BA and AD).

Exclusion criteria were defined as situations where the attending physician considered the participants inappropriate for the study, such as if the mother had any physical or psychiatric illnesses, was on medication, or if the child had a chronic illness other than allergic diseases.

Profile survey: dietary survey {#s2a}
------------------------------

Profiles were investigated using a self-administered free-form text questionnaire. The questionnaire content included the following: age, height and body weight of the mother; number of family members; family composition; age of the FA child; content of the allergy-causing food; use or non-use of substitution food; presence/absence of An experience; and presence/absence of FA, AD and BA. All the information was self-reported; the BMI values were calculated from the height and weight values reported by the mothers themselves, and no anthropometric measurements were performed. If tofu and milk were used instead of eggs, soy milk and small fish were used instead of milk, or if rice flour and white sorghum were used instead of wheat flour, we assumed that food substitution was performed.

Diets were investigated using the brief-type self-administered diet history questionnaire (BDHQ). BDHQ estimates the energy and nutrient intake by food group based on the frequency of food consumption within a week for the previous 1 - 2 months and accordingly provides reproducibility and validity without placing a burden on the participants \[[@R08], [@R9]\]. Energy intake was calculated per 1 kg of body weight, and nutrient intake, other than energy, was calculated using a converted value per 1,000 kcal.

Thereafter, dietary patterns were extracted using principal component analysis based on the intake of 15 food groups from the results of the dietary survey. Criteria for extracting the principal component factors were set at a characteristic value of ≥ 1, and the food group indicating the principal component was set at a factor load of ≥ 0.30.

Physical activity survey {#s2b}
------------------------

Status of physical activity was measured using an activity meter. A three-axis accelerometer (OMRON HJA-750C) was used as the activity meter. This device has previously been tested for its reliability and validity in measuring low- and moderate-intensity activities of daily living other than exercise, such as housework and walking \[[@R06]-[@R13]\]. Examples of low-intensity (1.5 - 2.9 metabolic equivalents (METs)) activities are bathing and having conversations while standing, those of moderate-intensity (3.0 - 5.9 METs) activities include childcare (while standing) and vacuuming and those of high-intensity (≥ 6 METs) activities include climbing stairs at a slightly faster pace \[[@R14]\].

Participants who provided consent were asked to wear an activity meter. The participant was required to wear the activity meter in front of the lumbar region for at least 10 h daily and for at least 7 consecutive days (including Saturdays and Sundays); the participant must wear the meter upon waking up and continue wearing it till bedtime, with the exception of situations when it could not be worn, such as during baths. The meters were collected on the day of the next visit. Data extracted from the activity meters were considered valid if the meter was worn for at least 600 min, and data were obtained for 7 - 10 consecutive days.

The major components of total daily energy expenditure were basal metabolism, physical activity and diet-induced thermogenesis. Total daily energy consumption and basal metabolism were converted to per 1 kg of body weight. Physical activities included activities of daily living other than walking and walking that were expressed as a percentage of the total daily energy expenditure in terms of calories burned while walking and calories burned while performing daily living activities. In addition, the duration of total daily activity (min/day) was calculated for each activity intensity: high, medium and low.

Thereafter, the energy spent for performing high-, medium- and low-intensity activities was summed up at hourly intervals between 6 o'clock and 24 o'clock, and principal component analyses were used to extract the patterns of physical expenditure in kcal. Criteria for extracting the principal component factors were set at a characteristic value of ≥ 1, and the time zone to signify the principal component was set at a factor load of ≥ 0.30.

Multiple regression analyses {#s2c}
----------------------------

Multiple regression analyses were performed. To investigate the association between BMI and diet, BMI was used as an objective variable and six explanatory variables, including the age of the mother and child and the principal components of dietary patterns with characteristic values of ≥ 1, were used. Moreover, to confirm the association between the third principal component of dietary pattern and BMI in 51 FA mothers, the third principal component of dietary pattern was introduced as the objective variable; the age and BMI of the mother, three major allergy causes in the child, substitute food use and the presence or absence of An experience were introduced as explanatory variables.

To investigate the association between BMI and status of physical activity, BMI was used as the objective variable; the age of the mother and child, presence or absence of FA, AD and BA, % calories burned on walking activities, % calories burned while performing activities of daily living and the total daily duration of low- and medium-intensity activities were used as explanatory variables. To confirm the association between allergic diseases and physical expenditure kcal patterns, the presence or absence of FA/BA/AD was used as an objective variable, and the five principal components of physical expenditure kcal patterns with characteristic values of ≥ 1 as well as the ages of FA mothers and children were used as the explanatory variables.

Statistical analyses {#s2d}
--------------------

Statistical Analysis System (SAS) version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for statistical analyses. For descriptive statistics, mean ± standard deviation (SD) is shown unless specified otherwise. Categorical variables were compared between the two groups using the Fisher's exact test. Principal component analysis was used to extract dietary patterns and physical expenditure kcal patterns. Multiple regression analysis (stepwise) was used to test linear regressions. P \< 0.05 on two-tailed testing was considered as a significant difference.

Ethical considerations {#s2e}
----------------------

The present study was conducted with the approval of the ethical review board of Osaka Habikino Medical Center (approval no.: 777-2, August 24, 2016), the ethical review board for research of Mukogawa Women's University, Junior College Division (approval no.: No. 16-87, December 17, 2016) and was performed in accordance with the Declaration of Helsinki. The study was conducted after explaining its details to the study participants in advance and obtaining written consent from them. For the use in the studies that need consideration, information was used with due care with the consent of the participants and handled in an anonymized fashion to ensure that individuals could not be identified.

Results {#s3}
=======

Profile survey {#s3a}
--------------

The profile of subjects is shown in [Table 1](#T1){ref-type="table"}. Data pertaining to the smoking status were not collected.

###### Participant Characteristics

  Characteristics                          
  ---------------------------------------- -------------
  Overall                                  
    Number of mothers                      69
    Age of mothers (years)                 39.9 ± 4.2
    Height of mothers (cm)                 159.9 ± 5.4
    Body weight of mothers (kg)            53.1 ± 7.9
    Body mass index of mothers (kg/m^2^)   20.8 ± 3.1
    Number of families                     4.2 ± 0.8
    Age of children (years)                7.5 ± 3.2
  Children's characteristics               
    Bronchial asthma (presence/absence)    28/41
    Atopic dermatitis (presence/absence)   39/30
    Food allergy (presence/absence)        51/18
    Substitute food use (use/not use)      23/46
    Anaphylaxis (presence/absence)         29/40

Data are expressed as means ± standard deviation.

Dietary patterns {#s3b}
----------------

Nutrient intake data are presented in [Table 2](#T2){ref-type="table"}. Six principal components with characteristic values of ≥ 1 were extracted. Six dietary patterns accounted for 72.4% of the total variance. Food groups with a factor load of ≥ 0.30 were selected, and the content was interpreted according to principal components. The factor loads up to the sixth principal component are shown in [Table 3](#T3){ref-type="table"}.

###### Nutritional Intake

                                               Overall           Other than FA mothers   FA mothers        P-value
  -------------------------------------------- ----------------- ----------------------- ----------------- ---------
  Number of patients                           69                18                      51                
  Energy per body mass (kcal/kg)               32 ± 11           32 ± 13                 32 ± 10           0.917
  Protein intake (g/1,000 kcal)                39.0 ± 6.3        40.8 ± 8.0              38.4 ± 5.6        0.167
  Fat intake (g/1,000 kcal)                    32.8 ± 6.0        35.0 ± 7.7              32.1 ± 5.1        0.073
  Carbohydrate intake (g/1,000 kcal)           127.6 ± 19.5      121.7 ± 22.3            130.0 ± 18.2      0.132
  Potassium (mg/1,000 kcal)                    1,439.6 ± 374.9   1,422.6 ± 359.2         1,445.6 ± 383.6   0.824
  Calcium (mg/1,000 kcal)                      301.9 ± 94.0      307.3 ± 112.1           300.0 ± 87.9      0.780
  Magnesium (mg/1,000 kcal)                    137.6 ± 30.8      136.9 ± 32.6            137.9 ± 30.5      0.905
  Iron (mg/1,000 kcal)                         4.3 ± 1.2         4.3 ± 1.3               4.3 ± 1.2         0.964
  Vitamin A (µg/1,000 kcal)                    465.8 ± 430.5     407.5 ± 186.3           486.4 ± 484.4     0.508
  Vitamin D (µg/1,000 kcal)                    7.0 ± 3.6         7.5 ± 4.9               6.9 ± 3.0         0.534
  Vitamin K (µg/1,000 kcal)                    182.9 ± 94.0      170 ± 86.4              187.4 ± 97.0      0.501
  Vitamin B~1~ (mg/1,000 kcal)                 0.44 ± 0.10       0.42 ± 0.13             0.45 ± 0.08       0.278
  Vitamin B~2~ (mg/1,000 kcal)                 0.69 ± 0.20       0.69 ± 0.23             0.69 ± 0.19       0.969
  Folic acid (µg/1,000 kcal)                   188.7 ± 77.8      177.5 ± 62.8            192.7 ± 82.7      0.482
  Vitamin C (mg/1,000 kcal)                    58.5 ± 25.5       54.6 ± 20.3             60 ± 27.1         0.456
  Saturated fatty acid (mg/1,000 kcal)         9.0 ± 2.4         9.4 ± 2.8               8.8 ± 2.3         0.352
  Monounsaturated fatty acid (mg/1,000 kcal)   11.8 ± 2.4        12.8 ± 3.3              11.5 ± 2.0        0.059
  Polyunsaturated fatty acid (mg/1,000 kcal)   7.9 ± 1.5         8.5 ± 2.0               7.7 ± 1.3         0.078
  Cholesterol (mg/1,000 kcal)                  194.7 ± 65.6      219.2 ± 77.2            186 ± 59.5        0.065
  Fiber (g/1,000 kcal)                         6.7 ± 2.1         6.3 ± 2.0               6.9 ± 2.1         0.329
  Salt equivalent (g/1,000 kcal)               5.7 ± 1.2         5.7 ± 1.1               5.7 ± 1.2         0.887
  Alcohol (g/1,000 kcal)                       3.6 ± 7.0         3.0 ± 4.5               3.8 ± 7.7         0.665
  Cereals (g/1,000 kcal)                       205.5 ± 65.3      196.3 ± 66.5            208.8 ± 65.2      0.488
  Potatoes (g/1,000 kcal)                      27.9 ± 17.8       27.1 ± 17.6             28.1 ± 18.0       0.825
  Sugars (g/1,000 kcal)                        3.1 ± 2.6         4.5 ± 3.8               2.7 ± 1.8         0.009
  Pulses (g/1,000 kcal)                        35.5 ± 23.4       35.1 ± 21.6             35.6 ± 24.2       0.942
  Green and yellow vegetables (g/1,000 kcal)   71.0 ± 48.2       58.1 ± 40.3             75.5 ± 50.2       0.188
  Other vegetables (g/1,000 kcal)              100.3 ± 50.7      102.5 ± 55.7            99.5 ± 49.4       0.830
  Fruits (g/1,000 kcal)                        37.3 ± 33.9       27.7 ± 23.9             40.7 ± 36.4       0.161
  Fishes (g/1,000 kcal)                        39.8 ± 20.0       42.2 ± 22.2             38.9 ± 19.4       0.548
  Meat (g/1,000 kcal)                          52.0 ± 23.2       58.6 ± 31.4             49.7 ± 19.4       0.164
  Eggs (g/1,000 kcal)                          16.6 ± 14.1       22.1 ± 16.5             14.7 ± 12.7       0.052
  Milk (g/1,000 kcal)                          85.4 ± 66.7       93.8 ± 72.3             82.5 ± 65.1       0.540
  Oils (g/1,000 kcal)                          7.4 ± 2.6         8.2 ± 3.6               7.1 ± 2.1         0.097
  Sweets (g/1,000 kcal)                        24.5 ± 22.0       19.8 ± 13.8             26.2 ± 24.1       0.294
  Beverages (g/1,000 kcal)                     314.0 ± 232.5     337.7 ± 287.0           305.7 ± 212.7     0.619
  Seasoning spices (g/1,000 kcal)              115.0 ± 58.5      103.1 ± 54.0            119.2 ± 59.9      0.318

Data are expressed as mean ± standard deviation. Mann-Whitney U test as appropriate. FA: food allergy.

###### Factor Loading of Each Food Group by Factor Analysis

  Food groups                   First factor   Second factor   Third factor   Fourth factor   Fifth factor   Sixth factor
  ----------------------------- -------------- --------------- -------------- --------------- -------------- --------------
  Cereals                       0.072          -0.313\*        0.584\*        0.119           -0.082         -0.156
  Potatoes                      -0.248         -0.184          -0.198         0.418\*         -0.059         -0.341\*
  Sugars                        -0.003         0.324\*         0.124          -0.373\*        -0.168         -0.278
  Legumes                       -0.394\*       -0.047          -0.006         0.114           -0.201         0.372\*
  Green and yellow vegetables   -0.501\*       0.054           -0.106         -0.136          -0.061         -0.081
  Other vegetables              -0.441\*       0.071           0.009          -0.142          -0.145         -0.308\*
  Fruits                        -0.275         -0.265          -0.255         -0.151          0.288          -0.260
  Fishes                        -0.355\*       0.249           -0.072         0.011           0.237          0.315\*
  Meat                          0.112          0.475\*         -0.118         0.221           0.280          0.097
  Eggs                          -0.079         0.171           0.037          0.193           -0.624\*       0.274
  Milk                          0.188          -0.063          -0.229         -0.519\*        -0.258         -0.100
  Oils                          0.092          0.380\*         -0.034         0.380\*         0.053          -0.476\*
  Sweets                        0.200          -0.138          -0.512\*       -0.053          0.105          0.173
  Beverages                     -0.051         0.429\*         0.199          -0.284          0.102          -0.002
  Seasoning spices              -0.162         -0.119          0.391\*        0.123           0.445\*        0.157
  SS loadings                   3.029          2.185           1.878          1.536           1.218          1.027
  Proportion value (%)          20.2           14.6            12.5           10.2            8.1            6.8
  Cumulative value (%)          20.2           34.8            47.3           57.5            65.6           72.4

\*: \|load\| \> 0.30 (in module).

Green and yellow vegetables (-0.501), other vegetables (-0.441), legumes (-0.394) and fishes (-0.355) were extracted in the negative direction for the first principal component; therefore, these were interpreted as "non-substitute food type". Meat (0.475), beverages other than alcohol (0.429), oils (0.380) and sugars (0.324) were extracted in the positive direction and cereals (-0.313) were extracted in the negative direction, which was interpreted as "partial side dish type", for the second principal component. Cereals (0.584) and seasonings (0.391) were extracted in the positive direction for the third principal component, and sweets (-0.512) were extracted in the negative direction, which was interpreted as "ordinary type". From the fourth principal component onward, it was interpreted as an elimination-substitution diet in which a specific food group was removed, because there was an association between milk and eggs and oils and fats.

Physical activity-physical expenditure kcal patterns {#s3c}
----------------------------------------------------

The status of physical activity is shown in [Table 4](#T4){ref-type="table"}. Five principal components with a characteristic value of ≥ 1 were extracted for the physical expenditure kcal patterns. The five physical expenditure kcal patterns accounted for 80.6% of the total variance. Factor load of \> 0.30 was selected, and the content was interpreted for each principal component. The factor loads up to the fifth principal component are shown in [Table 5](#T5){ref-type="table"}.

###### Results of the Physical Activity Level Survey

                                                                                Overall (n = 69)
  ----------------------------------------------------------------------------- ------------------
  Basic metabolic rate (kcal/day)                                               1,139 ± 104
  Basic metabolic rate/body weight (kcal/kg)                                    21.6 ± 1.4
  Total energy spent per day (kcal/day)                                         2,003 ± 176
  Total energy spent per day/body weight (kcal/kg)                              38.1 ± 3.7
  Physical activity level^a^                                                    1.76 ± 0.11
  No. of steps (steps/day)                                                      7,208 ± 2,067
  Calories burned by walking^b^ (%)                                             9.3 ± 2.8
  Calories burned by activities of daily living^c^ (%)                          23.7 ± 4.1
  Duration of high-intensity (≥ 6 METs) physical activity (min/day)             3.3 ± 2.8
  Duration of moderate-intensity (3.0 - 5.9 METs) physical activity (min/day)   99 ± 24.2
  Duration of low-intensity (1.5 - 2.9 METs) physical activity (min/day)        355.8 ± 73.3

Data are expressed as mean ± standard deviation. ^a^Physical activity level = total energy spent per day (kcal/day)/basic metabolic rate (kcal/day). ^b^Calories burned by walking = total calories burned by walking (kcal/day)/total energy spent per day (kcal/day) × 100. ^c^Calories burned by activities of daily living = total calories burned by activities of daily living (kcal/day)/total energy spent per day (kcal/day) × 100. METs: metabolic equivalents.

###### Physical Expenditure Kcal Patterns

                                                 First factor   Second factor   Third factor   Fourth factor   Fifth factor
  ---------------------------------------------- -------------- --------------- -------------- --------------- --------------
  Calories for activities of daily life (kcal)                                                                 
    6:00 - 7:00                                  -0.049         -0.125          -0.450\*       0.211           -0.304\*
    7:00 - 8:00                                  -0.164         -0.033          -0.499\*       0.121           -0.230
    8:00 - 9:00                                  -0.248         -0.102          -0.319\*       0.071           0.233
    9:00 - 10:00                                 -0.271         -0.145          -0.217         -0.105          0.393\*
    10:00 - 11:00                                -0.274         -0.150          -0.262         -0.194          0.098
    11:00 - 12:00                                -0.288         -0.139          -0.108         -0.373\*        -0.043
    12:00 - 13:00                                -0.292         -0.058          0.049          -0.343\*        -0.047
    13:00 - 14:00                                -0.264         -0.139          0.220          -0.186          -0.370\*
    14:00 - 15:00                                -0.242         -0.186          -0.297         -0.111          -0.342\*
    15:00 - 16:00                                -0.244         -0.236          0.301\*        0.137           -0.037
    16:00 - 17:00                                -0.280         -0.119          0.228          0.137           0.232
    17:00 - 18:00                                -0.282         0.040           0.171          0.248           0.367\*
    18:00 - 19:00                                -0.267         0.163           0.076          0.420\*         0.146
    19:00 - 20:00                                -0.266         0.216           0.012          0.304\*         -0.250
    20:00 - 21:00                                -0.247         0.330\*         0.003          0.123           -0.262
    21:00 - 22:00                                -0.168         0.457\*         -0.042         0.016           -0.094
    22:00 - 23:00                                -0.102         0.474\*         -0.018         -0.242          0.055
    23:00 - 24:00                                -0.069         0.406\*         0.000          -0.377\*        0.158
  SS loadings                                    2.602          1.717           1.521          1.206           1.012
  Proportion value (%)                           37.6           16.4            12.8           8.1             5.7
  Cumulative value (%)                           37.6           54.0            66.8           74.9            80.6

\*^:^ \|load\| \> 0.30 (in module).

The first principal component was interpreted as "ordinary type", because there was no time period in which there was an association. The second principal component was interpreted as "night type" because of a positive weight from 20 o'clock to 24 o'clock, and the second principal component was interpreted as "non-morning type" because of a negative weight from 6 o'clock to 9 o'clock ([Table 5](#T5){ref-type="table"}).

Multiple regression analysis {#s3d}
----------------------------

The associations between BMI and diet and status of physical activity are shown in [Table 6](#T6){ref-type="table"}. The status of diet was as follows: there was a significant positive correlation between BMI and the third principal component of dietary patterns (P = 0.037). A significant positive correlation between the third principal component of dietary patterns and BMI was confirmed for FA mothers (n = 51; P = 0.042) ([Table 7](#T7){ref-type="table"}). No association was observed between the third principal component and BMI in non-FA mothers (n = 18).

###### Multiple Regression Models of BMI

                                                                                    Regression coefficient   Standard error   t value   P-value
  --------------------------------------------------------------------------------- ------------------------ ---------------- --------- -----------
  Model 1 (n = 69)                                                                                                                      
    Third factor                                                                    1.568                    0.267            2.132     0.037\*
  Model 2 (n = 69)                                                                                                                      
    Presence or absence of allergies                                                -2.364                   0.786            -3.007    0.004\*\*
    Total daily duration of low- and moderate-intensity physical activities (min)   -0.075                   0.034            -2.220    0.031\*

\*P \< 0.05, \*\*P \< 0.01. Stepwise multiple regression analysis. Model 1: BMI was used as an objective variable, and the mother's and child's ages and six principal components from dietary patterns with characteristic values ≥ 1 were used as explanatory variables. Model 2: BMI was used as an objective variable, and the explanatory variables were the mother's and child's ages, presence or absence of FA, BA, or AD, % calories burned while walking, % calories burned while performing ADLs and total daily duration of low- and moderate-intensity activities. BMI: body mass index; FA: food allergy; BA: bronchial asthma; AD: atopic dermatitis; ADL: activities of daily living.

###### Association Between Dietary Patterns (Third Principal Component Factor) and Food Allergies/Profile

                                                                    Regression coefficient   Standard error   t value   P*-*value
  ----------------------------------------------------------------- ------------------------ ---------------- --------- -----------
  Age of mothers                                                    -0.045                   0.052            -0.856    0.397
  BMI of mothers                                                    0.145                    0.069            2.094     0.042\*
  Children's status total number of food causes: egg, milk, flour   0.166                    0.284            0.584     0.562
  Substitute food use                                               -0.173                   0.432            -0.400    0.691
  Presence or absence of anaphylaxis                                -0.837                   0.402            -2.083    0.043\*

\*P \< 0.05, n = 51. The objective variable was the third principal component in dietary patterns, and the explanatory variables were the mother's age and BMI, the three major causes of food allergy in the child, use of substitute foods, and presence or absence of An experience. BMI: body mass index.

In physical activity status, there was a significant negative correlation between BMI and the presence or absence of FAs (P = 0.004) and a significant negative correlation between BMI and the total daily activity time of low- and medium-intensity activities (P = 0.031) ([Table 6](#T6){ref-type="table"}).

Relationships between allergic diseases and physical expenditure kcal patterns are shown in [Table 8](#T8){ref-type="table"}. There was a significant positive correlation between FA and the first principal component, which confirmed that the lifestyle characteristics of physical activity were always performed between waking and bedtime.

###### Association Between Allergic Diseases and Physical Expenditure Kcal Patterns

                      Regression coefficient   Standard error   t value   P-value
  ------------------- ------------------------ ---------------- --------- -----------
  FA                                                                      
    First factor      0.053                    0.019            2.742     0.008\*\*
    Age of children   -0.043                   0.016            -2.710    0.009\*\*
  BA                                                                      
    Third factor      -0.082                   0.038            -2.161    0.034\*
  AD                                                                      
    First factor      0.054                    0.022            2.430     0.018\*

\*P \< 0.05, \*\*P \< 0.01. Stepwise multiple regression analysis. The objective variable was the presence or absence of FA, BA, or AD, and the explanatory variables were the mother's and child's ages and the five principal components of physical expenditure kcal patterns with characteristic values ≥ 1. FA: food allergies; BA: bronchial asthma; AD: atopic dermatitis.

Discussion {#s4}
==========

The aim of the present study was to investigate the daily diets and status of physical activity in mothers of children with at least one of FA, AD and BA or multiple concomitant allergic diseases for evaluating the association between lifestyle characteristics of the mother and BMI and, in particular, for clarifying the lifestyle characteristics that affect low BMI observed in FA mothers.

The results showed that the BMI of FA mothers may be related to dietary biases, such as low cereal consumption and high sweet consumption, and physical activity, such as low and moderate physical activity over a long period of time and continuous activity.

Regarding the effect of diets, dietary patterns were extracted, and the association with BMI was evaluated. A positive correlation was observed between BMI and the third principal component. In addition, a significant positive correlation between the third principal component and BMI was confirmed for FA mothers. However, no association was observed in non-FA mothers. These findings suggest that low BMI in FA mothers is related to lower cereal consumption and higher sweet consumption and that this pattern of consumption of such foods is limited to FA mothers. When the consumption of a common type of meal, such as a staple dish with a side dish, was difficult, it was considered that the shortage in content would be complemented by sweets. Sweets were grain-based confectioneries (e.g. rice confectioneries) that did not contain eggs or milk. Inappropriate content in diets can lead to deficiencies or biases in energy and nutrients as well as to imbalances in energy-producing nutrients. In addition, the synthesis of muscle proteins requires a certain amount of protein per meal \[[@R15]\]. These results suggest that dietary and nutritional imbalances affect the maintenance of body size and muscle mass in FA mothers with low BMI.

With regard to the effect of physical activity, the association with BMI was evaluated by focusing on the type of allergic diseases, total daily duration of low- and medium- intensity activities, and physical expenditure kcal patterns. Significant negative correlations were observed between BMI and FA as well as between BMI and the total daily duration of low- and moderate-intensity activities; moreover, there was a significant positive correlation between FA and the first principal component of physical expenditure kcal patterns. These findings suggested that the work associated with environmental improvement was added to the work associated with providing diet therapy to children with FA and that this work was continuously performed during the daytime. These results suggest that low- and moderate-intensity continuous physical activities are involved in the BMI of FA mothers.

Physical activity required to provide elimination-substitution diets and to comply with environmental improvements are categorized as low- and moderate-intensity activities. Energy expenditure is related to activity intensity and duration \[[@R16]\]. Evaluating the association between the intensity of activity and weight loss using a three-axis accelerometer reported that weight loss was related to the duration of activity of \> 3 and \> 4 METs rather than total daily steps. As a mechanism of weight loss, the proportions of carbohydrates and fats used as energy sources during physical activity have been shown to vary with activity intensity \[[@R17]-[@R19]\]. Lower activity increases the rate of fat used and higher activity increases the rate of carbohydrate used \[[@R20]\]. However, hypermetabolism persists after activities to restore the body and following a high-intensity activity, more fat is mobilized as an energy source to replace the carbohydrates supplied to the liver and muscle during activity. Women typically have a higher percentage of body fat than men, and the percentage of fat-derived energy during exercise is higher in women than in men \[[@R19]\]. In the present study population, children have one or more of either FA, AD, or BA. Therefore, activities of daily living related to elimination-substitution diets, such as preparation and cooking, and indoor environmental improvements, which includes low- and moderate-intensity physical activities, may be performed throughout the day. By extracting physical expenditure kcal patterns and evaluating the association with low- and medium-intensity physical activities, these physical activities were found to be continuously performed during the time the FA mothers were awake. Therefore, a significant negative correlation between BMI and FA as well as a significant negative correlation between BMI and the total daily duration of low- and moderate-intensity activities were considered valid results.

In addition to the naturally occurring long-term health effects of weight loss and decrease in BMI in women, it has been shown that pregnancy affects the health of the subsequent generation \[[@R21]-[@R23]\]. Considering that mothers of children with FA are in a generation that can become pregnant, the necessity for nutrition support, which is a point that has been overlooked until now, for children with FA as well as FA mothers was revealed.

The strength of the present study is that it is the first instance of clarification of lifestyle characteristics of FA mothers. The aim of this study was to clarify whether diet biases and increases in and continuation of low- and moderate-intensity activities in relation to providing diet therapy for children with FA are involved in the BMI of FA mothers.

Study limitations {#s4a}
-----------------

The present study has several limitations that ought to be considered. First, this was a cross-sectional study that cannot prove causality. Second, the multivariate analyses did not consider confounding factors, such as socioeconomic status and the impact of exercise habits. Third, the height and weight of mothers and answers to mother and child dietary surveys were self-reported by the mothers themselves and there may be recall bias. In addition, the effects of housework and lifestyle activities on the care of children with FA are not limited to mothers and may affect the brothers and sisters of children with FA, their fathers, and family members living in the same household; however, these effects have not been investigated in the present study. Therefore, the possibility of some bias must be considered.

Conclusions {#s4b}
-----------

Multiple regression analyses were performed using the BMI of mothers of children with allergic diseases as an objective variable and factors related to dietary habits and physical activity as explanatory variables. Regarding the effect of diets, there was a positive correlation with the third principal component (ordinary type: positive correlation with cereals and negative correlation with sweets) and regarding the status of physical activity, there was a negative correlation with the total daily duration of low- and moderate-intensity activity. In FA mothers, a significant positive correlation was confirmed between the third principal component of dietary patterns and BMI as well as between FA and the first principal component of physical expenditure kcal patterns (ordinary type: always active). Based on these results, the low BMI observed in FA mothers was attributable to dietary and nutrition biases as well as the duration and continuation of low- and moderate-intensity physical activity. The duration of low- and moderate-intensity physical activities is considered as the time required to perform tasks related to the provision of elimination-substitution diets and environmental improvement. In the future, it is necessary to evaluate the effects of children with FA on their brothers and sisters, fathers, and other family members living in the same household.

The authors express their sincere appreciation to the parents who regularly visited the Department of Pediatrics, Osaka Habikino Medical Center, and consented to participate in this study. Further, the authors thank Risa Okamoto, a registered dietitian who provided assistance in the analyses involving the activity meter.

Financial Disclosure {#s4b1a}
====================

This work was supported by JSPS KAKENHI (grant number JP17K00950).

Conflict of Interest {#s4b1b}
====================

We declare that we have no conflict of interest.

Informed Consent {#s4b1c}
================

The contents of the study were explained to the subjects in advance and written informed consent was obtained.

Author Contributions {#s4b1d}
====================

Yasuko Fukuda drew up the research plan, dealt with ethical research screening, provided detailed explanations of the research to the participants, collected/analyzed the data and prepared the initial draft. Shumi Yamamoto analyzed the data. Makoto Kameda drew up the research plan, dealt with the ethical research screening, explained the research to the participants and obtained their consent.
